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HIGHLIGHTS 2006

The 2006 Annual report represents the first time water quantity and water quality were combined into
a single report. Although the International Souris River Board and the Souris River Bi-Lateral Water
Quality Monitoring Group were not officially amalgamated into the ISRB until January 2007, the
Board functioned in 2006 as an expanded Board with an enhanced mandate.

For the 2006 calendar year, the natural flow of the Souris River at the Sherwood Crossing was 28 090
dam’ (22,773 acre-feet). This represents 21.3 percent of the 1959-2006 long-term mean. Net
depletions in Canada were 13 700 dam’® (11,107 acre-feet). Recorded runoff for the Souris River near
Sherwood, North Dakota, was 12 600 dam® (10,215 acre-feet), or about 11.4 percent of the 1931-2006
long-term mean. North Dakota received 51 percent of the natural flow.

The flow of the Souris River as it enters North Dakota at Sherwood was more than 0.113 cubic metres
per second (4 cubic feet per second) except during the periods of January 1 through March 24, July 6
through July 9, July 24 through August 8, August 10 through September 16, October 29 through
November 15, and November 26 through December 31, 2006. During those periods when the flow
was less than 0.113 cubic metre per second (4 cubic feet per second), the Province of Saskatchewan
did not divert, store, or use any water above what would have occurred under conditions of water-use
development prevailing in the Saskatchewan portion of the basin prior to the construction of
Boundary Dam, Rafferty Dam, and Alameda Dam. Accordingly, Saskatchewan complied with the
0.113 cubic metre per second (4 cubic feet per second) provision specified in Recommendation No. 1
of the Interim Measures.

Recorded runoff for Long Creek at the Western Crossing as it enters North Dakota was 520 dam’
(422 acre-feet), or 2.0 percent of the long-term mean since 1959. Recommendation No. 2 of the
Interim Measures was met with a net gain in the North Dakota portion of the Long Creek Basin of
1 487 dam’ (1,206 acre-feet).

Recorded runoff leaving the United States at Westhope during the period of June 1 through
October 31, 2006, was 14 444 dam’ (11,710 acre-feet). The flow was in compliance with the
0.566 cubic metre per second (20 cubic feet per second) minimum flow requirement as specified in
Recommendation No. 3(a) of the Interim Measures for the entire period.

The water quality of the Souris River in calendar year 2006 was similar to prior years. Periodic
winter fish kills during previous years were not observed in 2006. Several water quality parameters
remain as chronic exceedances of objectives. A Total Maximum Daily Load study on the upper
Souris River in North Dakota for dissolved oxygen was initiated in 2006.

In addition to overseeing water distribution, the International Souris River Board maintains a
watching brief of basin water-development projects, such as the Northwest Area Water Supply
Project. As well, the Board fosters the sharing of flow forecasting and reservoir operation
information amongst the interested groups in the basin.



1.0 INTERNATIONAL SOURIS RIVER BOARD

1.1 SOURIS RIVER REFERENCE (1940)

The following excerpt describes the history of the water-apportionment program that the International
Souris River Board currently maintains:

In a letter on behalf of the Government of Canada dated 20 March 1959 and a letter on behalf of the
Government of the United States of America dated 3 April 1959, the International Joint Commission
was informed that the Interim Measures recommended in its report of 19 March 1958, in substitution
for those recommended in the report dated 2 October 1940 in response to the Souris River Reference
(1940), had been accepted by both Governments.

The Governments of the United States and Canada entered into an Agreement for Water Supply and
Flood Control in the Souris River Basin on October 26, 1989. Pursuant to this Agreement, the
Interim Measures related to the sharing of the annual flow of the Souris River from Saskatchewan
into North Dakota contained in paragraph 22(1) of the Commission's 1958 Report to the Governments
were modified. In light of the modifications in 1989 and pursuant to a February 28, 1992, request
from the Governments of the United States and Canada, the Commission, on April 23, 1992, directed
the International Souris River Board of Control to begin applying the "Interim Measures as Modified
in 1992." The measures were further modified by the Governments in December 2000. The "Interim
Measures as Modified in 2000" are shown in Appendix C of this report.

1.2 INTERIM MEASURES AS MODIFIED IN 2000

In December 2000, the International Joint Commission directed the Board to implement the "Interim
Measures as Modified in 2000" for the 2001 calendar year and each year thereafter. The 2000 Interim
Measures, shown in Appendix C, were developed to provide greater clarification of the conditions
that must prevail for the determination of the share of natural flow between Saskatchewan and North
Dakota at the Sherwood Crossing.

In general, the Interim Measures provide that Saskatchewan shall have the right to divert, store, and
use waters that originate in the Saskatchewan portion of the Souris River Basin, provided that the
annual runoff of the river into North Dakota is not thereby reduced to less than half of the runoff that
would have occurred in a state of nature; that North Dakota shall have the right to divert, store, and
use the waters that originate in the North Dakota portion of the basin together with the waters that
cross the boundary from Saskatchewan; and that Manitoba shall have the right to use the waters that
originate in the Manitoba portion of the basin and, in addition, that North Dakota must provide to
Manitoba, except during periods of severe drought, a regulated flow of 0.566 cubic metre per second
(20 cubic feet per second) during the months of June to October inclusive.

For the benefit of riparian users of water between the Sherwood Crossing and the upstream end of
Lake Darling, the Province of Saskatchewan shall as far as practicable regulate its diversions, storage,
and uses in such a manner that the flow in the Souris River channel at the Sherwood Crossing shall
not be less than 0.113 cubic metre per second (4 cubic feet per second) when that level of flow would
have occurred under the conditions of water-use development prevailing in the Saskatchewan portion
of the drainage basin prior to the construction of Boundary Dam, Rafferty Dam, and Alameda Dam.

Under certain conditions, a portion of the North Dakota share will be in the form of evaporation from
Rafferty and Alameda Reservoirs. During years when those conditions occur, the minimum flow
actually passed to North Dakota will be 40 percent of the natural flow at the Sherwood Crossing.



This lesser amount is in recognition of Saskatchewan's operation of Rafferty Dam and Alameda Dam
for flood control.

Except in flood years, flow releases to the United States should occur in the pattern that would have
occurred in a state of nature. To the extent possible and in consideration of potential channel losses
and operating efficiencies, releases from the Canadian dams will be scheduled to coincide with
periods of beneficial use in North Dakota. The flow release to the United States may be delayed
when the State of North Dakota determines and notifies Saskatchewan through the International
Souris River Board that the release would not be of benefit to the State at that time.

The State of North Dakota shall have the right to divert, store, and use the waters that originate in the
North Dakota portion of the Souris River Basin together with the waters delivered to the State of
North Dakota at the Sherwood Crossing, provided that any diversion, use, or storage of Long Creek
water shall not diminish the annual runoff at the Eastern Crossing of Long Creek into Saskatchewan
below the annual runoff of Long Creek at the Western Crossing into North Dakota.

In periods of severe drought, when it becomes impracticable for North Dakota to deliver the regulated
flow of 0.566 cubic metre per second (20 cubic feet per second), North Dakota's responsibility to
Manitoba will be limited to providing such flows as the Board determines to be practicable and in
accordance with the objective of making water available for human and livestock consumption as
well as for household use.

1.3 BOARD OF CONTROL

At its meeting in May 1959, the International Joint Commission officially approved and signed a
directive that created the International Souris River Board of Control. At that time, the Board was
charged with the responsibility of ensuring compliance with the Interim Measures set out and of
submitting to the Commission such reports as the Commission may require or as the Board at its
discretion may desire to file.

14 AMALGAMATION OF THE INTERNATIONAL SOURIS-RED RIVERS
ENGINEERING BOARD AND INTERNATIONAL SOURIS RIVER BOARD OF
CONTROL

In 2000, the International Joint Commission directed the International Souris-Red Rivers Engineering
Board to transfer its responsibilities that related to the Souris River to the International Souris River
Board of Control. The Commission also changed the International Souris River Board of Control's
name to the International Souris River Board.

1.5 AMALGAMATION OF THE INTERNATIONAL SOURIS RIVER BOARD AND
SOURIS RIVER BI-LATERAL WATER QUALITY MONITORING GROUP

In 2006 the IJC changed the Board’s mandate. Because of the change in the mandate and the desire
of the Commission to move to a more encompassing watershed approach, the Board was requested to
develop a directive based on existing Commission responsibilities in the Souris River Basin that
would move toward an enhanced mandate for the Board. By letter dated January 22, 2007, the
International Souris River Board was officially notified by the Commission that the new directive
dated January 18, 2007, replaced the previous directive dated April 11, 2002. The new directive sets
out the duties of the Board as it moves toward a watershed approach in the Souris River Basin and
combined the duties of the International Souris River Board and Souris River Bi-Lateral Water
Quality Monitoring Group. It also increased the membership of the Board to twelve members.



The Board's duties were revised to include the following:

I. Maintain an awareness of existing and proposed developments, activities, conditions, and
issues in the Souris River Basin that may have an impact on transboundary water levels, flows,
water quality, and aquatic ecosystem health and inform the Commission about existing or
potential transboundary issues.

2. Oversee the implementation of compliance with the Interim Measures as Modified for
Apportionment of the Souris River as described in Appendix A of the Directive.

3. Assist the Commission in the review of a Joint Water Quality Monitoring Program.

4. Perform an oversight function for flood operations in cooperation with the designated entities
identified in the 1989 Canada-United States Agreement for Water Supply and Flood Control
in the Souris River Basin.

5. Report on aquatic ecosystem health issues in the watershed and regularly inform the
Commission on the state and implications of aquatic ecosystem health.

6. Carry out such other studies or activities as the Commission may, from time to time, request.

7. Prepare an annual work plan including both routine board activities and new initiatives
planned to be conducted in the subsequent year.

8. The Board shall submit an annual report covering all of its activities at least three weeks in
advance of the Commission’s fall semi-annual meeting, and the Board shall submit other
reports as the Commission may request or the Board may feel appropriate in keeping with
this Directive.

9. The Board shall provide opportunities for the public to be involved in its work, including at
least one public meeting in the basin each year. The Board has agreed to hold the public
meeting in the spring/summer and to advertise it.

The Board has established two committees to assist with administering the conditions of its mandate.
The Natural Flow Methods Committee is charged with investigating procedures and questions on the
approach and methods used to determine the natural flow of the Souris River Basin. The Flow
Forecasting Liaison Committee has the responsibility to ensure there is information sharing and
coordination between the forecasting agencies in the basin. Membership on these committees
includes all affected agencies in the basin.



1.6 BOARD MEMBERS
At the end of 2006, the members of the International Souris River Board were as follow:

Dale Frink Member for the United States
North Dakota State Engineer (Co-Chair)
Bismarck, North Dakota

Col. Michael Pfenning Member for the United States
U.S. Army Corps of Engineers
St. Paul, Minnesota

Gregg Wiche Member for the United States
U.S. Geological Survey
Bismarck, North Dakota

Russell Boals Member for Canada
Environment Canada (Co-Chair)
Regina, Saskatchewan

Robert Harrison Member for Canada
Manitoba Water Stewardship
Winnipeg, Manitoba

Doug Johnson Acting Member for Canada
Saskatchewan Watershed Authority
Moose Jaw, Saskatchewan

2.0  ACTIVITIES OF THE BOARD

Since the presentation of the Forty-Seventh Annual Report to the International Joint Commission, the
International Souris River Board has held two meetings and has had one teleconference call. The
discussions and decisions made are summarized in the following sections.

2.1 FEBRUARY 16, 2006, MEETING IN REGINA, SASKATCHEWAN

Members in attendance were:

Dale Frink Member for the United States
Col. Michael Pfenning Member for the United States
Gregg Wiche Member for the United States
Russell Boals Member for Canada
Robert Harrison Member for Canada
Doug Johnson Member for Canada

A summary of the natural flow computations for the period of January 1 through December 31, 2005,
was presented at the February 16, 2006, meeting. The final apportionment balance for the 2005



calendar year showed that Saskatchewan was in surplus to North Dakota by 39 660 dam3 (32,152
acre-ft).

International Souris River Board members discussed the need for a procedures manual documenting
the methods used to compute natural flows for the Souris River at Sherwood. Environment Canada is
working with the Natural Flows Methods Committee to help the committee achieve the goals for the
manual.

The Board members decided a work plan will be developed after the directive is accepted by the
International Joint Commission.

The Board and the Souris River Bi-Lateral Water Quality Monitoring Group met in a combined
meeting after the Board meeting. A decision was made that the Board and the Group should begin to
act as one Board. The starting membership would consist of both boards. The directive should
indicate that the Board will consist of 12 members, with six from Canada and six from the United
States.

2.2 July 18-19 2006, MEETING IN ESTEVAN, SASKATCHEWAN

Members of ISRB in attendance were:

Russell Boals Dale Frink

Member for Canada Member for the United States
Doug Johnson Gregg Wiche

Member for Canada Member for the United States

Robert Harrison
Member for Canada

Members of SRBWQMG in attendance were:

Wayne Dybvig Gregg Wiche
Member for Canada Member for the United States

The International Souris River Board and the Souris River Bi-Lateral Water Quality Monitoring
Group met in a combined meeting. A summary of the interim natural flow computations for the
period of January 1 through May 31, 2006, was presented at the July18-19, 2006, meeting. The
computed natural flow at the Sherwood Crossing for the period was 25 345 dam3 (20,547 acre-feet).
The United States share on a 50/50 basis was 12 670 dam’ (10,272 acre-ft). The United States had
received 9 390 dam’ (7,612 acre-ft) during the 5-month period resulting in a deficit of 3 280 dam’
(2,659 acre-ft). The International Souris River Board accepted the compilation of flows and the
computed apportionment balance for the period of January 1 through May 31, 2006.

Spring runoff in 2006 was well below normal in all areas of the Saskatchewan portion of the Souris
River Basin due to near zero snow cover. Spring precipitation for 2006 ranged from slightly above
normal near Estevan to well below normal near Weyburn, with a rainfall on April 18 accounting for
the majority of runoff in the Souris River Basin.

Spring runoff in the North Dakota portion of the basin was minimal. January through June 2006
precipitation totals ranged from 68 percent of normal at Sherwood to 122 percent of normal at



Fortuna, both in the upper end of the North Dakota portion of the Souris River Basin. The lower end
of the North Dakota portion of the Souris River Basin received normal precipitation. Two USGS
gaging stations exceeded flood stage: Willow Creek near Willow City and the Souris River near
Westhope.

Spring runoff in the Souris River Basin in Manitoba was below average due to below normal soil
moisture and snow cover.

2.3 SEPTEMBER 19, 2006, TELECONFERENCE CALL
Members in attendance were:

Members of ISRB in attendance were:

Russell Boals Dale Frink

Member for Canada Member for the United States
Robert Harrison Gregg Wiche

Member for Canada Member for the United States

Members of SRBWQMG in attendance were:

Richard Zitta Gregg Wiche
Member for Canada Member for the United States

The International Souris River Board and the Souris River Bi-Lateral Water Quality Monitoring
Group met in a combined meeting.

The purpose of the teleconference call was to review the flow conditions and discuss the
apportionment balance of the Souris River for the period of January 1 through August 31,2006. The
3 280 dam® (2,659 acre-ft) deficit to North Dakota on May 31, 2006, decreased to a 2 990 dam®
(2,424-acre-foot) deficit to North Dakota by August 31, 2006. Discussions between Saskatchewan
and North Dakota resulted in a release being planned from Saskatchewan reservoirs to make up the
2 990 dam’ (2,424 acre-ft) deficit to the United States.

An increase of 1 910 dam’ (1,548 acre-feet) occurred between Long Creek at the Western Crossing
and Long Creek at the Eastern Crossing. Thus, the flow apportionment was met.

3.0 MONITORING

3.1 INSPECTIONS OF THE BASIN

During the year, the staff of the Water Survey Division of Environment Canada, Saskatchewan
Watershed Authority, the North Dakota State Water Commission, and the U.S. Geological Survey
carried out frequent field inspections of the Souris River Basin.



3.2 GAUGING STATIONS

A list of the gauging stations being operated in the Souris River Basin is given in Table 1. In
addition, the U.S. Geological Survey operated three miscellaneous streamflow-measurement sites in
the vicinity of the Eaton Irrigation Project near Towner, North Dakota.

The station numbers and the locations of the hydrometric stations measuring streamflow are shown in
Part I of Table 1. The gauging station numbers and the locations of the hydrometric stations located
on lakes and reservoirs in the basin are shown in Part II of Table 1.



Table 1. Streamflow, water-level, and water quality stations in the Souris River Basin.

Part I--Streamflow

Index Stream Location State or Operated by
number province
05NA003  Long Creek' at Western Crossing Saskatchewan Environment Canada
(05113360)
05NA004  Long Creek near Maxim Saskatchewan Saskatchewan Watershed
Authority
05NA005  Gibson Creek near Radville Saskatchewan Environment Canada
05NB001  Long Creek near Estevan Saskatchewan Environment Canada
05NBO11  Yellowgrass Ditch near Yellowgrass Saskatchewan Environment Canada
05NB014  Jewel Creek near Goodwater Saskatchewan Environment Canada
05NBO017  Souris River near Halbrite Saskatchewan Environment Canada
05NB018  Tatagwa Lake Drain near Weyburn Saskatchewan Environment Canada
05NB021  Short Creek' near Roche Percee Saskatchewan Environment Canada
(05113800)
05NB031  Souris River near Bechard® Saskatchewan Saskatchewan Watershed
Authority
05NB033  Moseley Creek near Halbrite Saskatchewan Environment Canada
05NB034  Roughbark Creek near Goodwater Saskatchewan Environment Canada
05NB035  Cooke Creek near Goodwater Saskatchewan Environment Canada
05NB036  Souris River below Rafferty Reservoir Saskatchewan Environment Canada
05NB038  Boundary Reservoir near Estevan Saskatchewan Environment Canada
Diversion Canal
05NB039  Tributary near Outram Saskatchewan Environment Canada
05NB040  Souris River near Ralph Saskatchewan Environment Canada
05NB041  Roughbark Creek above Rafferty Reservoir Saskatchewan Environment Canada
05NC001  Moose Mountain below Moose Mountain ~ Saskatchewan Saskatchewan Watershed
Creek Lake Authority
05ND004  Moose Mountain near Oxbow Saskatchewan Environment Canada
Creek
05NDO10  Moose Mountain above Alameda Reservoir Saskatchewan Environment Canada
Creek
O05NDO11  Shepherd Creek near Alameda Saskatchewan Environment Canada
05NEO003  Pipestone Creek above Moosomin Saskatchewan Environment Canada
Reservoir
05NFO001 Souris River at Melita Manitoba Environment Canada
05NF002  Antler River near Melita Manitoba Environment Canada
05NF006  Lightning Creek near Carnduff Saskatchewan Environment Canada
05NF007  Gainsborough Creek near Lyleton Manitoba Environment Canada
05NF008  Graham Creek near Melita Manitoba Environment Canada
O5NF010  Antler River near Wauchope Saskatchewan Environment Canada
05NGO001  Souris River at Wawanesa Manitoba Environment Canada
05NGO003  Pipestone Creek near Pipestone Manitoba Environment Canada
05NGO007  Plum Creek near Souris Manitoba Environment Canada
05NGO012  Elgin Creek near Souris Manitoba Environment Canada
05NG020  Medora Creek near Napinka Manitoba Environment Canada
05NGO021  Souris River at Souris Manitoba Environment Canada
05NGO024  Pipestone Creek near Sask. Boundary Manitoba Environment Canada



05113520
05113600
(05NB027)
05114000
(05ND007)
05116000
05116100
05116135

05116500
05117500
05119410
05120000
05120180

05120500
05122000
05123300
05123400
05123510
05124000
(05NFO012)

Long Creek Tributary near Crosby

Long Creek'’
Souris River!?

Souris River®

near Noonan

near Sherwood

near Foxholm

Souris River Tributary near Burlington

Tasker Coulee
Tributary
Des Lacs River’
Souris River®
Bonnes Coulee
Souris River®
Wintering River
Tributary
Wintering River’
Souris River®
Oak Creek Tributary
Willow Creek’
Deep River’
Souris River'*?

near Kenaston

at Foxholm
above Minot
near Velva
near Verendrye
near Kongsberg

near Karlsruhe
near Bantry

near Bottineau
near Willow City
near Upham

near Westhope

North Dakota
North Dakota

North Dakota

North Dakota
North Dakota
North Dakota

North Dakota
North Dakota
North Dakota
North Dakota
North Dakota

North Dakota
North Dakota
North Dakota
North Dakota
North Dakota
North Dakota

U.S.
U.S.

U.S.

U.S.
U.S.
U.S.

U.S.
U.S.
U.S.
U.S.
U.S.

U.S.
U.S.
U.S.
U.S.
U.S.
U.S.

Geological Survey
Geological Survey

Geological Survey

Geological Survey
Geological Survey
Geological Survey

Geological Survey
Geological Survey
Geological Survey
Geological Survey
Geological Survey

Geological Survey
Geological Survey
Geological Survey
Geological Survey
Geological Survey
Geological Survey

Table 1. Streamflow, water-level, and water quality stations in the Souris River Basin.
Part II--Water Level

Index Stream Location State or Operated by
number province
05113750  East Branch Short Creek near Columbus North Dakota  U.S. Geological Survey
Reservoir
05115500  Lake Darling near Foxholm North Dakota  U.S. Geological Survey
LGNNS Souris River at Logan North Dakota  U.S. Corps of Engineers
U.S. N. Weather Service
SWRNS Souris River at Sawyer North Dakota  U.S. Corps of Engineers
U.S. N. Weather Service
TOWNS Souris River at Towner North Dakota  U.S. Corps of Engineers
U.S. N. Weather Service
VLVNS Souris River at Velva North Dakota  U.S. Corps of Engineers
U.S. N. Weather Service
Upper Souris Refuge =~ Dams 87 and 96 North Dakota  U.S. Fish and Wildlife
Des Lacs Refuge Units 1 - 8 inclusive  North Dakota  U.S. Fish and Wildlife
J. Clark Salyer Refuge Dams 320, 326, 332, North Dakota U.S. Fish and Wildlife
341, and 357
05NA006  Larsen Reservoir near Radville Saskatchewan Environment Canada
05NBO12 Boundary Reservoir near Estevan Saskatchewan Saskatchewan Watershed
Authority
05NBO16 Roughbark Reservoir  near Weyburn Saskatchewan Environment Canada
05NB020 Nickle Lake near Weyburn Saskatchewan Environment Canada
05NB032 Rafferty Reservoir near Estevan Saskatchewan Environment Canada
05NC002 Moose Mountain Lake near Corning Saskatchewan Environment Canada

10



05NDO008

05ND009

05NDO012
05NE002
05NF804
05NF805
05NG023
05NG801
05NG803
05NG806
05NG807
05NG8&09
05NG813
05NG814

White Bear (Carlyle)
Lake
Kenosee Lake

Alameda Reservoir
Moosomin Lake
Metigoshe Lake
Sharpe Lake
Whitewater Lake
Plum Lake

Elgin Reservoir
Souris River
Souris River

Plum Lake

Oak Lake
Deloraine Reservoir

near Carlyle
near Carlyle

near Alameda

near Moosomin
near Metigoshe
near Deloraine

near Boissevain
above Deleau Dam
near Elgin

above Hartney Dam
above Napinka Dam
near Findlay

at Oak Lake Resort
near Deloraine

Saskatchewan

Saskatchewan

Saskatchewan
Saskatchewan
Manitoba
Manitoba
Manitoba
Manitoba
Manitoba
Manitoba
Manitoba
Manitoba
Manitoba
Manitoba

Saskatchewan Watershed
Authority

Saskatchewan Watershed
Authority.

Environment Canada
Environment Canada
Province of Manitoba
Province of Manitoba
Environment Canada
Province of Manitoba
Province of Manitoba
Province of Manitoba
Province of Manitoba
Province of Manitoba
Province of Manitoba
Province of Manitoba

Table 1. Streamflow, water-level, and water quality stations in the Souris River Basin.
Part I1I--Water Quality

Index Stream Location State or Operated by
number province
05114000 Souris River'’ near Sherwood North Dakota  U.S. Geological Survey
(05NDO007)
05115500  Lake Darling near Foxholm North Dakota  U.S. Geological Survey
05116000 Souris River’ near Foxholm North Dakota  U.S. Geological Survey
05116500 Des Lacs River’ at Foxholm North Dakota  U.S. Geological Survey/
(380021) N.D. Dept. of Health
05117500  Souris River’ above Minot North Dakota U.S. Geological Survey/
(380161) N.D. Dept. of Health
05120000  Souris River’ near Verendrye North Dakota U.S. Geological Survey/
(380095) N.D. Dept. of Health
05122000  Souris River’ near Bantry North Dakota U.S. Geological Survey
05123400  Willow Creek’ near Willow City North Dakota  U.S. Geological Survey
05123510  Deep River’ near Upham North Dakota  U.S. Geological Survey
J. Clark Salyer Refuge Pool 357 North Dakota  U.S. Fish and Wildlife
05124000 Souris River'* near Westhope (QA) North Dakota  U.S. Geological Survey
(05NF012)

1 International gauging station
2 Formerly published as Souris River below Lewvan
3 Operated jointly for hydrometric and water-quality monitoring
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4.0 TRANSBOUNDARY WATER QUALITY OBJECTIVES AND MONITORING
4.1 OVERVIEW OF WATER QUALITY

The quality of the Souris River at the international boundary has been monitored by the International
Souris River Board (formerly by the Souris River Bi-Lateral Water Quality Monitoring Group) since
1990.

Water quality objectives are established at the two border crossings. When water quality objectives
are not achieved such conditions are referred to as “exceedances.” A summary of water quality
exceedances for 2006 is reported in Appendix E. Historical data are also included.

The principle water quality concerns in the Souris River Basin relate to elevated concentrations of
total dissolved solids (TDS), depleted dissolved oxygen and high levels of nutrients especially
phosphorus.

Exceedances of specific water quality objectives at the Saskatchewan/North Dakota boundary include
phosphorus, sodium, sulfate, iron, TDS, dissolved oxygen and pH. These results are relatively
consistent with prior year’s data.

Total phosphorus exceeds the objective in 71 percent of the samples. The maximum concentration
was recorded at 1.4 mg/L, which is 14 times the objective. TDS also exceeded the objective in 71
percent of the samples. Sodium and sulfate represent major constituents in the mineral composition
at the site and exceed objectives 86 percent and 57 percent respectively.

Dissolved oxygen ranged from 3.4 mg/L to 14.5 mg/L. A concentration of less than 5.0 mg/L is an
exceedance and this occurred 57 percent of the sampling dates.

Exceedances of specific water quality objectives at the North Dakota/Manitoba boundary include
fecal coliform bacteria, nitrates, nitites, phosphorus, sodium, sulfate, iron, TDS, total suspended
solids, dissolved oxygen and pH.

Total phosphorus, total suspended solids and iron exceeded the objective on 100 percent of the
sampling dates. TDS exceeds the objective in 45 percent of samples. Sodium and sulfate represent
major constituents in the mineral composition at the site and exceed the objectives by 91 percent and
45 percent respectively. Dissolved oxygen range from 11.69 mg/L to 4.5 mg/L with an exceedance
rate of 37.5 percent. Fecal coliform bacteria exceeded the objective 18.2 percent or two of 11
sampling dates.

There were no exceedances of trace metals at either site during 2006.

4.2 CHANGES TO POLLUTION SOURCES IN 2006

There were no major changes to pollution sources in 2006. The most prevalent source of pollution is
nonpoint source from agriculture. Agriculture dominates the land use of the Souris River Basin,
therefore, it can be surmised that contributions of phosphorus and nitrogen are substantial from these
sources. Major point sources of pollution from the cities of Estevan and Minot have been reduced by
advanced wastewater treatment. Smaller cities continue to discharge effluent intermittently.
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Future threats to water quality and aquatic ecosystem health include energy development, water
appropriations that reduce flows, and reservoir operating plans.

4.3 TREND ANALYSIS REPORT

The 1991 Bi-Lateral agreement on water quality objectives for the Souris River stipulates that the
“Monitoring Task Force will compile a background document synthesizing all historic water quality
data for each of the Souris River Basin International Water Quality Objectives.” This document
utilized an agreed upon trend analysis methodology to establish the background water quality at the
two transboundary locations for water objectives.

The Trend Analysis Report used a parametric time series model that detected trends in historic
constituent concentration data. The trend analysis detected complex nonmonotonic trends in
concentrations in the presence of complex interannual and seasonal variability in daily discharge.
The methodology used was compatible with changes in monitoring frequency and timing.

The Trend Analysis Report contained a stand-alone appendix with all of the details, as well as a mini
users manual for the time series program. Trend analysis was broken up into a 10-year segment, and
two 5-year segments. The report was finalized in 2000 by the Souris River Bi-Lateral Water Quality
Monitoring Group and the Monitoring Task Force. The group discussed possible reasons for the
increasing and decreasing trends and agreed that further trend analysis would be conducted on the
sulfate data and other Major Ions data. USGS made slight changes to the model in 2003.

44 MONITORING PLAN CHANGES

The Monitoring Plan for the two boundary sites was changed in 1999 from a minimum of nine site
visits per year to a minimum of eight site visits per year. The Monitoring Plan calls for three samples
from March to June, three samples from July to October, and two samples from November to
February. The revised Monitoring Plan was implemented in calendar year 1999. Monitoring for
pesticides was discontinued at the Sherwood site in 1999.

The frequency of monitoring and list of parameters has been modified in response to changing
conditions and/or need for additional information is necessary.

Rafferty Dam, Lake Alameda, and Lake Darling are monitored for various water quality parameters.
Monitoring of reservoirs upstream of the Saskatchewan/ North Dakota boundary help in interpreting
water quality results.

4.5 SEDIMENT TOXICITY TESTING

Pollutants entrained in or attached to sediment represent an unassessed component of water quality at
the two boundary sites.

The ISRB will continue to evaluate the various sediment toxicity testing protocols and, eventually,

select an appropriate method and conduct tests at some point in the future when resources become
available.
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4.6 REVISION OF PHOSPHORUS OBJECTIVES

Phosphorus is an essential element for plant growth; however, high concentrations frequently result in
algae blooms and excessive plant growth. The ISRB will not change the numeric objective of

0.10 mg/L for total phosphorus at the present time for several reasons, although this objective is
frequently exceeded at both boundary sites.

While it is recognized that the existing objective may be inappropriate, sufficient scientific
understanding is not available at the present time to recommend a more appropriate,
scientifically-sound objective. However, considerable work is underway in both the United States
and Canada to ensure that this additional understanding is acquired in the near future. The trend
analysis indicates that phosphorus has not increased significantly in recent years that would warrant
immediate management intervention. There was no significant change in phosphorus between 1977
and 1997 at the North Dakota-Saskatchewan boundary, and there was a significant increase between
1977 and 1992 at the North Dakota-Manitoba boundary followed by a significant decrease in
concentration between 1992 and 1997.

Phosphorus concentrations tend to be high in prairie soils. Under pre-settlement conditions,
phosphorus could enter surface water by erosion, transported plant material, and animal activities.
Human activities and hydrologic modifications exacerbate phosphorus loadings, which increases
primary productivity. This process, called eutrophication, has likely been accelerated in the Souris
River. Common sources of phosphorus enrichment are municipal effluent, non-point contributions
from agriculture, livestock, and hydrologic modifications. Substantial progress has been made in
reducing phosphorus loading from Minot and Estevan by incorporating advanced wastewater
treatment. Implementation of Best Management Practices on agricultural land, and installing animal
waste systems has reduced loadings from these activities.

Dams frequently have a substantial additive affect on phosphorus loading. Large reservoirs that are
recently constructed, and have hypolimnic releases, generally contribute high phosphorus loads. Low
head dams can contribute to extremely high phosphorus loadings. These reservoirs are often created
by inundation of nutrient-rich prairie soils, go anoxic during the winter period, thus releasing
additional phosphorus from bottom sediments, and attract large populations of waterfowl during
migration that also contribute large nutrient loadings to the system. The fall waterfowl population
frequently moves out of the lower Souris River just prior to ice-up. The organic load from waterfowl
does not have sufficient time to become assimilated and, therefore, causes an oxygen demand that is
not satisfied until the following open water period. Also, decaying vegetation in the off channel area
contributes to anoxic conditions. Phosphorus release from the waterfowl contributions, decaying
vegetation, and internal loading from the sediments result in significantly higher phosphorus
concentrations than if the system was aerobic. Downstream loading at the border is very high,
because spring runoff occurs prior to ice-out, thereby purging these shallow ponds.

The phosphorus objective was reviewed as directed by the Souris River Bi-Lateral Water Quality
Monitoring Group. It was noted that phosphorus frequently exceeds the objective criterion at both
border sites. Phosphorus tends to be quite high in concentration in prairie streams and differentiating
between cultural practices and baseline phosphorus concentrations remain largely unknown. It was
decided that, since many initiatives, both in the U.S. and Canada, are moving forward on nutrient
management, that it would be doubtful whether the Task Force could shed new information on this
issue. The Task Force agreed that it should let the science develop and retrieve that information when
it is available to see if changes in phosphorus objectives would be appropriate. The Task Force
mentioned that the loading issue of phosphorus to Lake Darling would be important information;
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however, until a nutrient budget on Lake Darling is completed, the most appropriate course of action
is to maintain the nutrient objective status quo.

4.7 WINTER ANOXIA AND TOTAL MAXIMUM DAILY LOAD

During February 1999, a fish kill was observed in the Souris River in North Dakota. A subsequent
investigation determined that low dissolved oxygen concentrations prevailed from Highway 9 in
Saskatchewan to Dam No. 47 in North Dakota. Follow-up monitoring for dissolved oxygen during
March 1999 indicated a dissolved oxygen concentration remained relatively unchanged from
February. The factors contributing to the low oxygen levels were not determined; however, they
could include, but are not limited to, sediment oxygen demand, macrophyte decomposition, organic
enrichment, ground water, photosynthesis suppression, low flows, or dams.

It was generally felt that the winter anoxia was a result of heavy snow conditions and extremely cold
temperatures. The Department of Health and Environment Canada agreed to monitor in February
2002, at five sites along the Souris River. No fish kills were reported in the winter of 2002.

There was, however, a fish kill reported in the United States in February 2003, below Lake Darling.
This isolated case of winter kill was observed at a water control structure, Dam 41. Many fish were
observed dead in the small pool below the structure. Possible explanations of the fish kill may be
associated with fish being trapped in the shallow pool while it froze to the bottom or poor water
quality due to feedlot runoff from an adjacent beef cattle operation. Unfortunately it was impossible
at that time to pinpoint what caused the small isolated fish kill.

Dissolved oxygen (DO) samples taken below the dam at Lake Darling were extremely poor with
levels of 0.20 ppm and below. There is no doubt that fish were not able to survive, considering that
0.50 ppm and below usually is the benchmark where fish kill is imminent. Results found from the
DO surveys in Lake Darling indicated that dissolved oxygen readings were definitely adequate to
maintain the fishery. In most cases, readings at 4 metres usually hovered at 6.0 ppm or better, while
one-metre readings ranged from 5.6 to 9.4 ppm. There were no reports of a fish kill in the Souris
River upstream in Canada.

It was agreed to keep a watch on DO conditions and North Dakota Department of Health and
Environment Canada will attempt to collect DO and ammonia samples if low flow conditions prevail
during future winters.

The upper portion of the Souris River was listed as impaired in 2004. This designation means this
reach of the river needs a total maximum daily load (TMDL) study. The impairment for aquatic life
is dissolved oxygen, and the impairment for recreation is fecal coliform bacteria. The study reach is
43.4 miles downstream from the border to Lake Darling. The lower portion of the Souris River in
Saskatchewan from Glen Ewen to the border is also included. A literature review, selection of
sampling sites, and plan development was completed in 2006.

5.0 WATER-DEVELOPMENT ACTIVITIES IN 2006

51 NORTHWEST AREA WATER SUPPLY PROJECT
The Garrison Diversion Municipal, Rural, and Industrial (MRI) water-supply program, passed by the

United States Congress on May 12, 1986, as part of the Garrison Diversion Reformation Act of 1986,
authorized the appropriation of federal funds for the planning and construction of water-supply
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facilities throughout North Dakota. An agreement between the North Dakota State Water
Commission and the Garrison Conservancy District in 1986 provided a method through which the
agencies can request funding for MRI water-system projects from the Secretary of the Interior. On
the basis of this agreement, the Northwest Area Water Supply (NAWS) study was initiated in
November 1987.

The NAWS project has been designed to supply a reliable source of treated water to cities,
communities, and rural water systems in 10 counties in northwestern North Dakota. The project has
an estimated cost of 170 million dollars.

The water supply for the project is Lake Sakakawea, located in the Missouri River system. The
maximum annual use authorized under the State of North Dakota water permit is 18 502 dam’
(15,000 acre-feet).

Canada is concerned that the NAWS project could permit the interbasin transfer of non-native biota.
The St. Mary’s—Milk project in Montana and Alberta diverts untreated water from the Hudson Bay
Basin to the Missouri River Basin. NAWS, however, would be the first project to divert water across
the continental divide in North Dakota.

The Environmental Assessment for NAWS was completed with a "Finding of No Significant Impact
(FONSI)" and Canada was notified on June 4, 2001. Subsequently, Canada and Manitoba made an
Administrative Appeal to the Bureau of Reclamation to carry out a full Environmental Impact
Statement. On September 10, 2001, Canada was informed that the appeal was rejected.

The project was started with groundbreaking in Minot on April 5, 2002. Work began at Minot and
proceeded toward Lake Sakakawea.

The Province of Manitoba filed suit in U.S. District Court to require the completion of an
Environmental Impact Statement (EIS) for the NAWS project. The Bureau of Reclamation, through
the Department of Justice and the State of North Dakota defended the case. The court required the
project undergo further environmental review and required court approval of new construction
contracts.

On April 15, 2005, the Court allowed the construction to continue on the pipeline between Lake
Sakakawea and Minot. The majority of the 45 miles of this line had been completed by December,
2006. The remaining project features between Lake Sakakawea and Minot will not begin
construction until the completion of the EIS process.

On March 6, 2006, the Bureau issued a Notice of Intent to initiate an environmental impact statement
for the NAWS Project to evaluate alternative treatment methods and measures to minimize the risk of
transferring non-native biota from the Missouri River Basin to the Hudson Bay Basin. The Bureau is
currently evaluating a range of treatment options, including those suggested by Manitoba, and
developing corresponding cost estimates. Bureau anticipates that it will release a draft EIS in 2007
for public review and comment.

On March 24, 2006, the Court allowed additional construction of the Minot High Service Pump
Station, the pipeline from the High Service Pump Station to the northern part of the City of Minot,
and the pipeline to Berthold to proceed. It was determined that this construction would not affect
treatment decisions. Design work on these projects was completed in 2006 in preparation to award
contracts in 2007.
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5.2 WATER APPROPRIATIONS
5.2.1 Background

In 1995, the International Souris River Board adopted a new method for reporting minor project
diversions for the purpose of determining apportionment. The new method uses a common set of
criteria and ensures that the same criteria will be used in both Saskatchewan and North Dakota. It
also involves taking the project lists generated by the Natural Flow Methods Committee and adding
newly constructed projects or subtracting cancelled projects each year. The projects that met the
criteria in 1993 are the benchmark for all future reporting.

5.2.2 Saskatchewan

In 1993, there were 137 minor projects in the Saskatchewan portion of the Souris River basin that met
the new criteria. These projects had an annual diversion of 5 099 dam’ (4,134 acre-feet). On
December 31, 2006, there were 140 minor projects in the Saskatchewan portion of the basin with an
annual diversion of 4 903 dam® (3,975 acre-feet).

5.2.3 North Dakota

In 1993, there were 12 minor projects in the North Dakota portion of the Souris River Basin upstream
of Sherwood that met the new criteria. The projects had an annual diversion of 1257 dam’
(1,019 acre-feet). On December 31, 2006, there were 11 minor projects in the North Dakota portion
of the Long and Short Creek Basins. The annual diversions totaled 1 316 dam’ (1,067 acre-feet).

The diversion from East Branch Short Creek near Columbus, North Dakota, was estimated by
correcting for precipitation, evaporation and seepage, and the storage change. The diversion in 2006
was 432 dam’ (350 acre-feet). The diversion from the reservoir was added to the minor project
diversions for the Long and Short Creek Basins to obtain the total diversion of 1748 dam’
(1,417 acre-feet) by the United States.

6.0 HYDROLOGIC CONDITIONS IN 2006

Spring runoff in 2006 was well below normal in all areas of the Saskatchewan portion of the Souris
River Basin as a result of near zero or well below normal winter snowfall. Rainfall on April 18
accounted for the majority of the runoff in the Souris River Basin.

Spring runoff in the North Dakota portion of the basin was minimal. January through June 2006
precipitation totals ranged from 68 percent of normal at Sherwood to 122 percent of normal at
Fortuna, both in the upper end of the North Dakota portion of the Souris River Basin. The lower end
of the North Dakota portion of the Souris River Basin received normal precipitation. Two USGS
gaging stations exceeded flood stage: Willow Creek near Willow City and the Souris River near
Westhope.

Spring runoff in the Souris River Basin in Manitoba was below average as a result of below normal
soil moisture and snow cover. Hot, dry weather in late June and early July resulted in lower flows in
the Souris River, however the flows were adequate to meet an increased demand for water.

On December 31, 2006, Rafferty Reservoir was at an elevation of 548.79 (1800.5 feet) which was
0.65 metre (2.1 feet) lower than at the beginning of the year. The inflow to Rafferty Reservoir was
820 dam’ (665 acre-feet), and the calculated diversion for 2006 was minus 2 690 dam’ (2,181 acre-
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feet). Rafferty Reservoir transferred 2 770 dam® (2,246 acre-feet) water to Boundary Reservoir via
the pipeline.

Releases were made from Alameda Reservoir from early April through the end of October 2006. The
main-stem inflow to Alameda Reservoir (Moose Mountain Creek Above Alameda Reservoir) was

8 520 dam3 (6,907 acre-feet), and the calculated diversion for 2006 was 5 240 dam® (4,248 acre-feet).
Alameda Reservoir was at an elevation of 560.78 metres (1,839.83 feet), or -0.19 (-0.62 foot) less
than at the beginning of the year.

Boundary Reservoir received an inflow of 2 010 dam’ (1,630 acre-feet) from Long Creek. The
calculated diversion for 2006 was 2 340 dam’ (1,897 acre-feet). Boundary Reservoir was at an
elevation of 558.543 metres (1,832.49 feet) on December 31, 2006, or 2.29 metres (7.50 feet) below
Full Supply Level.

On December 31, 2006, the estimated storage in the five major reservoirs in Saskatchewan
(Boundary, Rafferty, Alameda, Nickle Lake, and Moose Mountain Lake) was 521 088 dam3 (422,447
acre-feet) as compared to storage of 564 100 dam’ (457,316 acre-feet) on December 31, 2005.

Figure 1 shows the storage contents of several reservoirs in the Canadian portion of the Souris River
Basin for 2005 and 2006.

Recorded runoff for the year for the Souris River near Sherwood was 12 600 dam® (10,215 acre-feet),
or about 11.4 percent of the 1931-2006 long-term mean. The artificially drained areas of Yellow
Grass Ditch and Tatagwa Lake contributed 1 190 dam’ (965 acre-feet) during 2006. Figure 2
provides a schematic representation of recorded runoff above Sherwood, North Dakota.

On December 31, 2006, the level of Lake Darling was 485.96 metres (1,594.36 feet). The 2006 year-
end storage in Lake Darling was 103 683 dam’ (84,056 acre-feet), or approximately 18 125 dam’
(14,694 acre-feet) less than on December 31, 2005. The 2006 year-end storage in the J. Clark Salyer
Refuge pools was 10 577 dam’ (8,575 acre-feet), or 27 848 dam’ (22, 576 acre-feet) less than on
December 31, 2005. The combined year-end storage in Lake Darling and the J. Clark Salyer Refuge
pools was 114 260 dam’ (92,631 acre-feet), well above the 66 600 dam’ (54,000 acre-feet) "severe
drought" criterion. Figure 3 shows the storage contents of the main-stem reservoirs in the United
States.

Recorded runoff for the year for the Souris River at Westhope was 156 130 dam’ (126,575 acre-feet)
or some 143 530 dam’ (116,360 acre-feet) more than entered North Dakota at the Sherwood Crossing.
The annual runoff for the Souris River near Westhope was 64 percent of the 1929-2006 long-term
mean.

Figure 4 shows the monthly releases from Boundary, Rafferty, Alameda, and Lake Darling
Reservoirs.

7.0 SUMMARY OF FLOWS AND DIVERSIONS

7.1 SOURIS RIVER NEAR SHERWOOD

The natural runoff near Sherwood for 2006 was 28 090 dam® (22,773 acre-feet). Depletions in
Canada totaled 14 890 dam® (12,071 acre-feet). The additional water received from the Yellow Grass
Ditch and Tatagwa Lake Drain Basins was 1 190 dam’ (965 acre-feet). Total depletions in Canada
were 13 700 dam’ (11,107 acre-feet) more than the additional water received from the Yellow Grass
Ditch and Tatagwa Lake Drain Basins. The total volume of water released from Boundary, Rafferty,
and Alameda Reservoirs in Canada in 2006 was 6 558dam3 (5,317 acre-feet), representing 52 percent
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of the recorded flow at Sherwood, or 23 percent of the computed natural runoff at Sherwood. A
schematic representation of the 2006 flow volumes in the Souris River Basin above Sherwood is
shown in Figure 2 and the summary of the natural flow computations is provided in Appendix A.

The flow of the Souris River at Sherwood was more than 0.113 cubic metres per second (4 cubic feet
per second) except during the periods of January 1 through March 24, July 6 through July 9, July 24
through August 8, August 10 through September 16, October 29 through November 15, and
November 26 through December 31, 2006. During those periods when the flow was less than

0.113 cubic metre per second (4 cubic feet per second), the Province of Saskatchewan did not divert,
store, or use any water above what would have occurred under conditions of water-use development
prevailing in the Saskatchewan portion of the basin prior to the construction of Boundary Dam,
Rafferty Dam, and Alameda Dam. Accordingly, Saskatchewan complied with the 0.113 cubic metre
per second (4 cubic feet per second) provision specified in Recommendation No. 1 of the Interim
Measures.

7.2 LONG CREEK AND SHORT CREEK

Recorded runoff for Long Creek at the Western Crossing as it enters North Dakota was 520 dam’
(422 acre-feet), or 2.0 percent of the long-term mean since 1959. Recommendation No. 2 of the
Interim Measures was met with the increase of runoff on Long Creek between the Western and
Eastern Crossings of 1 487 dam’ (1,206 acre-feet).

Short Creek, which rises in North Dakota, contributed 2 590 dam3 (2,100 acre-feet) to runoff in the
Souris River above Sherwood.

7.3 SOURIS RIVER NEAR WESTHOPE

Recorded flow near Westhope during the period of June 1 through October 31, 2006, was 14 444
dam’ (11,710 acre-feet). Except for eight days in June, 10 days in September, and 19 days in
October, the flow was in compliance with the 0.566 cubic metre per second (20 cubic feet per second)
minimum flow requirement as specified in Recommendation No. 3(a) of the Interim Measures for the
entire period. From June to August the United States Fish and Wildlife Service released water from
Dam 357 in order to drawdown Pool 357, and maintain a 20 cubic feet per second (0.57 cubic
decametres per second) or greater release to Manitoba. By early September Pool 357 was almost
dewatered. Water was released from Dam 341 to meet the 20 cubic feet per second (0.57 cubic
decametres per second) minimum flow requirement. With Pool 357 in a very low condition, and with
a minimal flow gradient, the discharges were highly influenced by wind direction. Discharges would
increase with a southerly wind, and diminish or stop with a north wind. It was discovered that the
concrete spillway with electric fish barrier at Dam 357 was constructed at an elevation that is 3.5 feet
(1.07 metres) higher than the invert elevation of the water control structure, making it virtually
impossible to completely dewater Pool 357. This resulted in releases from Dam 341 being increased
to over 40 cubic feet per second (1.13 cubic decametres per second), to meet the minimum flow
requirement.

Figure 5 illustrates the recorded flows at Westhope and at Wawanesa near the mouth of the Souris
River in Manitoba.

8.0 WORKPLAN SUMMARY FOR 2007

The International Souris River Board was created by the International Joint Commission in April
2000 when it combined the Souris River basin responsibilities previously assigned to the Commission
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in two separate references by the governments of Canada and the United States. The two references
were the International Souris River Board of Control Reference (1959) and the Souris-Red Rivers
Engineering Board Reference (1948).

On June 9, 2005, the Board’s mandate was changed further through an exchange of diplomatic notes,
assigning water quality functions and the oversight for flood forecasting and operations to the Board.
The consolidation of water quantity, water quality, and the oversight for flood forecasting and
operations is a step in the evolution of the Board as it moves towards an integrated approach to
transboundary water issues in the Souris River basin.

The Board determined that a work plan would be beneficial in helping the Board identify resource
requirements and deliver on results. There was discussion on whether the workplan should include
all activities or just special projects. The Board agreed that the workplan should include costs related
to normal Board activities such as meetings, the annual report, and special projects. The three-year
work plan for the International Red River Board was provided as an example.
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Figure 1

MONTH END CONTENTS OF RESERVOIRS IN CANADA
FOR THE YEARS 2005 AND 2006
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Figure 3

MONTH END CONTENTS OF RESERVOIRS IN USA
FOR THE YEARS 2005 AND 2006
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Figure 4

MONTHLY RESERVOIR RELEASES

FOR THE YEAR 2006
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Figure 5

SOURIS RIVER NEAR WESTHOPE

AND

SOURIS RIVER NEAR WAWANESA

June 1, 2006 to October 31, 2006

\ 600
| Wawanesa i
\ [ 550
i ] mm——— Westhope I
: \\ - 500
! -450
1 i )
1 400 =
: i (@)
] i O
1 i L
1 3509
1 - s
1 i L
1 i -
: \ 300
i L

] \ i L
1 2509
1 - on)
] \ LS
] i ©)
: \ 200
1 \j\ [ 150
1 i
1 20 CFS REQUIREMENT -

), i
It \rw\ / —100
] | _ A——\ :
: =l //IWR\ I\\ I‘ \ i
14 Sl %/\ FA0 ,'m\%\ il 50
1 P\~~~ IR AR R AN
1 .~V W YN T

T T T T T T T T T - \\-} “l‘ \\ 0
June July August September October

25



27



APPENDIX A

Determination of Natural Flow of Souris River
at International Boundary (Sherwood)
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APPENDIX B

Equivalents of Measurements
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EQUIVALENTS OF MEASUREMENTS

The following is a list of equivalents of measurement that have been agreed to for use in reports
of the International Souris River Board.

1 centimetre equals 0.39370 inch
1 metre equals 3.2808 feet
1 kilometre equals 0.62137 mile

1 hectare equals 10 000 square metres
1 hectare equals 2.4710 acres
1 square kilometre equals 0.38610 square mile

1 cubic metre per second equals 35.315 cubic feet per second

The metric (SI) unit that replaces the British acre-foot unit is the cubic decametre (dam’), which
is the volume contained in a cube 10 m x 10 m x 10 m or 1 000 cubic metres.

1 cubic decametre equals 0.81070 acre-feet
1 cubic metre per second flowing for 1 day equals 86.4 cubic decametres
1 cubic foot per second flowing for 1 day equals 1.9835 acre-feet
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APPENDIX C

Interim Measures as Modified in 2000
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INTERIM MEASURES AS MODIFIED IN 2000

APPENDIX A TO THE DIRECTIVE TO THE INTERNATIONAL SOURIS RIVER
BOARD

The Province of Saskatchewan shall have the right to divert, store, and use waters which
originate in the Saskatchewan portion of the Souris River basin, provided that such
diversion, storage, and use shall not diminish the annual flow of the river at the Sherwood
Crossing more than 50 percent of that which would have occurred in a state of nature, as
calculated by the International Souris River Board. For the purpose of these calculations,
any reference to "annual" and "year" is intended to mean the period January 1 through
December 31.

For the benefit of riparian users of water between the Sherwood Crossing and the upstream
end of Lake Darling, the Province of Saskatchewan shall, so far as is practicable, regulate its
diversions, storage, and uses in such a manner that the flow in the Souris River channel at
the Sherwood Crossing shall not be less than 0.113 cubic metre per second (4 cubic feet per
second) when that much flow would have occurred under the conditions of water use
development prevailing in the Saskatchewan portion of the Souris River basin prior to
construction of the Boundary Dam, Rafferty Dam, and Alameda Dam.

Under certain conditions, a portion of the North Dakota share will be in the form of
evaporation from Rafferty and Alameda Reservoirs. During years when these conditions
occur, the minimum amount of flow actually passed to North Dakota will be 40 percent of
the annual natural flow volume at the Sherwood Crossing. This lesser amount is in
recognition of Saskatchewan's operation of Rafferty Dam and Alameda Dam for flood
control in North Dakota and of evaporation as a result of the project.

a. Saskatchewan will deliver a minimum of 50 percent of the annual natural flow
volume at the Sherwood Crossing in every year except in those years when the
conditions given in (i) or (ii) below apply. In those years, Saskatchewan will
deliver a minimum of 40 percent of the annual natural flow volume at the Sherwood
Crossing.

i. The annual natural flow volume at Sherwood Crossing is greater than
50 000 cubic decametres (40,500 acre-feet) and the current year June 1 elevation
of Lake Darling is greater than 486.095 metres (1594.8 feet); or

ii. The annual natural flow volume at Sherwood Crossing is greater than
50 000 cubic decametres (40,500 acre-feet) and the current year June 1 elevation
of Lake Darling is greater than 485.79 metres (1593.8 feet), and since the last
occurrence of a Lake Darling June 1 elevation of greater than 486.095 metres
(1594.8 feet) the elevation of Lake Darling has not been less than 485.79 metres
(1593.8 feet) on June 1.

b. Notwithstanding the annual division of flows that is described in (a), in each year
Saskatchewan will, so far as is practicable as determined by the Board, deliver to
North Dakota prior to June 1, 50 percent of the first 50 000 cubic decametres
(40,500 acre-feet) of natural flow which occurs during the period January 1 to
May 31. The intent of this division of flow is to ensure that North Dakota receives
50 percent of the rate and volume of flow that would have occurred in a state of
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nature to try to meet existing senior water rights.

Lake Darling Reservoir and the Canadian reservoirs will be operated (insofar as is
compatible with the Projects' purposes and consistent with past practices) to ensure
that the pool elevations, which determine conditions for sharing evaporation losses,
are not artificially altered. The triggering elevation of 485.79 metres (1593.8 feet)
for Lake Darling Reservoir is based on existing water uses in North Dakota,
including refuges operated by the U.S. Fish and Wildlife Service. Each year,
operating plans for the refuges on the Souris River will be presented to the Board.
Barring unforeseen circumstances, operations will follow said plans during each
given year. Lake Darling Reservoir will not be drawn down for the sole purpose of
reaching the elevation of 485.79 metres (1593.8 feet) on June 1.

Releases will not be made by Saskatchewan Watershed Authority from the
Canadian reservoirs for the sole purpose of raising the elevation of Lake Darling
Reservoir above 486.095 metres (1594.8 feet) on June 1.

Flow releases to the United States should occur (except in flood years) in the pattern
which would have occurred in a state of nature. To the extent possible and in
consideration of potential channel losses and operating efficiencies, releases from
the Canadian dams will be scheduled to coincide with periods of beneficial use in
North Dakota. Normally, the period of beneficial use in North Dakota coincides
with the timing of the natural hydrograph, and that timing should be a guide to
releases of the United States portion of the natural flow.

A determination of the annual apportionment balance shall be made by the Board on
or about October 1 of each year. Any shortfall that exists as of that date shall be
delivered by Saskatchewan prior to December 31.

The flow release to the United States may be delayed when the State of North
Dakota determines and notifies Saskatchewan through the Board that the release
would not be of benefit to the State at that time. The delayed release may be
retained for use in Saskatchewan, notwithstanding the 0.113 cubic metre per second
(4 cubic feet per second) minimum flow limit, unless it is called for by the State of
North Dakota through the Board before October 1 of each year. The delayed
release shall be measured at the point of release and the delivery at Sherwood
Crossing shall not be less than the delayed release minus the conveyance losses that
would have occurred under natural conditions between the point of release and the
Sherwood Crossing. Prior to these releases being made, consultations shall occur
between the Saskatchewan Watershed Authority, the U.S. Fish and Wildlife
Service, and the State of North Dakota. All releases will be within the specified
target flows at the control points.

Except as otherwise provided herein with respect to delivery of water to the Province of
Manitoba, the State of North Dakota shall have the right to divert, store, and use the waters
which originate in the North Dakota portion of the Souris River basin together with the
waters delivered to the State of North Dakota at the Sherwood Crossing under
Recommendation (1) above; provided, that any diversion, use, or storage of Long Creek
water shall not diminish the annual flow at the eastern crossing of Long Creek into
Saskatchewan below the annual flow of said Creek at the western crossing into North
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(a) In addition to the waters of the Souris River basin which originate in the Province of
Manitoba, that Province shall have the right, except during periods of severe drought, to
receive for its own use and the State of North Dakota shall deliver from any available source
during the months of June, July, August, September, and October of each year, six thousand
and sixty-nine (6,069) acre-feet of water at the Westhope Crossing regulated so far as
practicable at the rate of twenty (20) cubic feet per second except as set forth hereinafter:
provided, that in delivering such water to Manitoba no account shall be taken of water
crossing the boundary at a rate in excess of the said 20 cubic feet per second.

(b) In periods of severe drought when it becomes impracticable for the State of North
Dakota to provide the foregoing regulated flows, the responsibility of the State of North
Dakota in this connection shall be limited to the provision of such flows as may be
practicable, in the opinion of the said Board of Control, in accordance with the objective of
making water available for human and livestock consumption and for household use. It is
understood that in the circumstances contemplated in this paragraph the State of North
Dakota will give the earliest possible advice to the International Souris River Board of
Control with respect to the onset of severe drought conditions.

In event of disagreement between the two sections of the International Souris River Board
of Control, the matters in controversy shall be referred to the Commission for decision.

The interim measures for which provision is herein made shall remain in effect until the
adoption of permanent measures in accordance with the requirements of questions (1) and
(2) of the Reference of January 15, 1940, unless before that time these interim measures are
qualified or modified by the Commission.
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APPENDIX D

Board Directive from January 18, 2007
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DIRECTIVE TO THE
INTERNATIONAL SOURIS RIVER BOARD

The International Souris River Board was created by the International Joint Commission in April
2000 when it amalgamated the Souris River basin responsibilities previously assigned to the
Commission in two separate references by the governments of Canada and the United States.
The two references were the International Souris River Board of Control Reference (1959) and
the Souris-Red Rivers Engineering Board Reference (1948). The International Souris River
Board’s mandate changed further through an exchange of diplomatic notes on June 9, 2005
assigning water quality functions and the oversight for flood forecasting and operations as
described in Section 4 below. The consolidation of water quantity, water quality, and the
oversight for flood forecasting and operations is a step in the evolution of the International Souris
River Board as it moves towards an integrated approach to transboundary water issues in the
Souris River basin.

This directive replaces the April 11, 2002 Directive to the International Souris River Board and
sets out the mandate under which the Board will operate.

e Pursuant to the Boundary Waters Treaty of 1909 and related agreements, responsibilities
have been conferred on the Commission to ensure compliance with apportionment
measures for the waters of the Souris River, to investigate and report on water
requirements and uses as they impact the transboundary waters of the Souris River basin,
and to assist in the implementation and review of the Joint Water Quality Monitoring
Program pursuant to the 1989 Canada-United States Agreement for Water Supply and
Flood Control in the Souris River Basin.

2. The apportionment measures derive from the approvals given by the governments of
Canada and the United States, by letters of March 20, 1959 and April 3, 1959
respectively, to the recommendations made by the Commission in paragraph 22 of its
report to the governments of March 19, 1958. Subsequently, with the signing of the
Canada-United States Agreement for Water Supply and Flood Control in the Souris River
basin on October 26, 1989 (hereafter referred to as the 1989 Agreement), the Interim
Measures for apportionment of the Souris River at the Saskatchewan-North Dakota
boundary were revised as described in Annex B of the 1989 Agreement. By letters of
February 28, 1992, the Commission was requested to monitor compliance with the
measures as modified in the 1989 Agreement. By letters of December 20 and 22, 2000,
the governments amended Annex B of the 1989 Agreement. The attached Appendix A is
a consolidation of the apportionment measures against which the Commission is to
monitor compliance.

3. By letters of January 12, 1948, the governments requested the Commission to undertake
investigations of water requirements and uses arising out of existing dams and other
works or projects in the mid-continent portion of the Canada-United States boundary,
including the Souris River basin, and to make advisory recommendations.
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By exchange of diplomatic notes between the governments of Canada and the United
States dated January 14 and June 9, 2005, the 1989 Canada-United States Agreement for
Water Supply and Flood Control in the Souris River Basin was formally revised to
include a reference pursuant to Article IX of the Boundary Waters Treaty which assigned
water quality responsibilities contained in the 1989 Agreement to the Commission. The
Commission was requested to assist with the implementation and review of the Joint
Water Quality Monitoring Program. On October 21, 2005 at the October 2005
Commission’s meeting with governments, the U.S. State Department read a statement
into the Commission’s formal record that the U.S. State Department is of the opinion the
Commission has the authority and has obtained the notification it needs from the U.S.
State Department to proceed with carrying out the flood related responsibilities for the
Souris River. On April 6, 2006 at the April 2006 Commission’s meeting with
governments, the Department of Foreign Affairs and International Trade indicated that the
Board should be assigned these responsibilities. It is recognized that Article X of the
1989 Canada-United States Agreement for Water Supply and Flood Control in the Souris
River basin designates the entities responsible for operation and maintenance of the
improvements mentioned in the 1989 Agreement and that the operations will be in
accordance with the Operating Plan shown in Annex A of the 1989 Agreement. The
Department of Army is the entity designated responsible for flood operations within the
United States. The Government of Saskatchewan is the Canadian entity designated
responsible for flood operations within the Canadian Province of Saskatchewan.

The Board’s mandate is to support the Commission’s initiative to explore and encourage -
the development of local and regional capacity with the objective of preventing and
resolving transboundary disputes regarding the waters and aquatic ecosystem of the
Souris River and its tributaries and aquifers. This would be accomplished through the
application of best available science and knowledge of the aquatic ecosystem of the basin
and an awareness of the needs, expectations and capabilities of residents of the Souris
River basin. The Board’s mandate will be accomplished by performing the tasks
identified in Clause 6 below.

The Board’s duties shall be to:

(1) Maintain an awareness of existing and proposed developments, activities,
conditions, and issues in the Souris River basin that may have an impact on
transboundary water levels, flows, water quality, and aquatic ecosystem health and
inform the Commission about existing or potential transboundary issues.

(i)  Oversee the implementation of compliance with the Interim Measures As
Modified For Apportionment of the Souris River as described in Appendix A of
this document by:

* identifying an adequate hydro-climatic monitoring network to support the
determination of natural flow and apportionment balance,

* encouraging the appropriate authorities to establish and maintain hydro-
climatic monitoring and information collection networks and reporting
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systems to ensure suitable information is available as required for the
determination of natural flow and apportionment balance,

e informing the Commission, in a timely manner, of critical water supply or
flow conditions in the basin,

e encouraging appropriate authorities to take steps to ensure that
apportionment measures are met, and

e preparing an annual report and submitting it to the Commission.

(i11)  Assist the Commission in the review of a Joint Water Quality Monitoring Program
(referred to hereafter as “the Program”) by:

developing recommendations on the Program and the setting of water quality

objectives,

exchanging data provided by the Program on a regular basis,

collating, interpreting, and analyzing the data provided by the Program,

reviewing the Program and the water quality objectives at least every five

years and developing recommendations, as appropriate, to the Commission to

improve the Program and the objectives, and

preparing an annual report containing:

a sumimary of the principal activities of the Board during the year with
respect to the Program,

a summary of the principal activities affecting water quality in the
Souris River Basin during the year,

a summary of the collated, interpreted, and analyzed data provided by
the Program,

a summary of the water quality of the Souris River at the two locations
at which it crosses the International Boundary,

a sectlon summarizing any definitive changes in the monitored
parameters and the possible causes of such changes,

a section discussing the water quality objectives for the Souris River at
the Saskatchewan/North Dakota boundary and at the North
Dakota/Manitoba boundary as established and revised pursuant to the
1989 Agreement,

a section summarizing other significant water quality changes and the
possible causes of such changes, and

recommendations on new water quality objectives or on how existing
water quality objectives can be met, including suggestions on water
quality as it relates to water quantity during periods of low flow, in the
event that the annual report indicates that the water quality objectives
have not been attained as a result of activities pursued under the 1989
Agreement.

(iv)  Perform an oversight function for flood operations in cooperation with the
designated entities identified in the 1989 Canada-United States Agreement for
Water Supply and Flood Control in the Souris River Basin by:
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* ensuring mechanisms are in place for coordination of data exchange, flood
forecasts and communications related to flood conditions and operations;

* determining whether the operations under the 1989 Agreement should proceed
based on the Flood Operation or Non-Flood Operation of the Operating Plan,
which is Annex A to the 1989 Agreement, using its criteria and informing
designated agencies of this determination;

» reporting to the Commission on any issues related to flood operations and
management; and

e providing the Commission and the designated entities under the 1989
Agreement recommendations on how flood operations and coordination
activities could be improved.

) Report on aquatic ecosystem health issues in the watershed, regularly informing
the Commission on the state and implications of aquatic ecosystem health, and
encourage the appropriative authorities to establish and maintain water quality and
other monitoring and information collection networks and reporting systems to
ensure suitable information is available as requned for the determination of the
health of the aquatic ecosystem.

(vi)  Carry out such other studies or activities as the Commission may, from time to
time, request.

(vii) Prepare an annual work plan including both routine board -activities and new
initiatives planned to be conducted in the subsequent year. The work plan shall be
submitted annually to IJC for review.

The Board shall provide opportunities for the public to be involved in its work, including
at least one public meeting in the basin each year.

The Board shall coordinate and collaborate with other agencies and institutions both
within and outside the Souris River basin as may be needed or desirable, and facilitate the
timely dissemination of pertinent information within the basin. The Board shall keep the
Commission informed of these activities.

The Board shall have an equal number of members from each country. The Commission
shall normally appoint each member for a three-year term. Appointments may be

‘renewed for additional terms. Members shall act in their personal and professional

capacity, and not as representatives of their countries, agencies or institutions. The
Commission shall appoint Canadian and United States co-chairs of the Board and will
strive to appoint chairs with complementary expertise that encompasses a broad spectrum
of basin issues.

The co-chairs of the Board shall be responsible for maintaining proper liaison between the
Board and the Commission, and among the Board members.
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12.

13

14.

"

16.

17

18.

19.

The co-chairs shall ensure that members of the Board are informed of all instructions,
inquiries, and authorizations received from the Commission and also of activities
undertaken by or on behalf of the Board, progress made, and any developments affecting
such progress.

The co-chairs may appoint secretaries of the Board who, under the general supervision of
the co-chairs, shall carry out such duties as are assigned by the co-chairs or the Board as a
whole.

The Board may establish such committees and working groups as may be required to
fulfill its responsibilities in a knowledgeable and effective manner. The Commission
shall be kept informed of the duties and composition of any committee or working group.

Unless other arrangements are made with the Commission, members of the Board,
committees, or working groups shall make their own arrangements for reimbursement of
necessary expenditures for travel or other related expenses.

The Board shall inform the Commission in advance of plans for any meetings, or other
means of involving the public in Board deliberations, and shall report to the Commission,

in a timely manner, on these and any other presentations or representations made to the
Board.

The Board shall conduct its public outreach activities in accordance with the
Commission’s public information policies and shall maintain files in accordance with the
Commission policy on segregation of documents.

Prior to their release, the Board shall provide the text of media releases and other public
information materials to the Secretaries of the Commission for review by the
Commission’s Public Information Officers.

The Board shall submit an annual report covering all of its activities, including the annual
report regarding the Program and the work plan, as described in Section 6 above, to the
Commission, at least three weeks in advance of the Commission’s fall semi-annual
meeting, and the Board shall submit other reports as the Commission may request or the
Board may feel appropriate in keeping with this Directive. Reports shall be submitted in
a format suitable for public release and electronic copies shall be provided to each of the
Commission’s section offices.

Reports, including annual reports, minutes and correspondence of the Board shall,
normally, remain privileged and be available only to the Commission and to members of
the Board and its committees until their release has been authorized by the Commission.
The Board shall provide minutes of Board meetings to the Commission within 45 days of
the close of the meeting in keeping with the Commission’s April 2002 Policy Concerning
Public Access to Minutes of Meetings. The minutes will subsequently be put on the
Commission’s web site.
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20. If, in the opinion of the Board or of any member, any instruction, directive, or
authorization received from the Commission lacks clarity or precision, the matter shall be
referred promptly to the Commission for appropriate action.

21.  The Board shall operate by consensus. In the event of any disagreement among the
members of the Board which they are unable to resolve, the Board shall refer the matter

forthwith to the Commission for decision.

22.  The Commission may amend existing instructions or issue new instructions to the Board
at any time.

h
Signed this /54 day of ;’Qﬂﬁ’ 2007

thabeth Bourget ;;

Murray Clamen
Secretary Secretary
United States Section Canadian Section
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Water Quality Data for Sherwood and Westhope

51



psie|ndjed 0N ‘ON
S|ge|leAy ejed ON VAN

Hd pue ainjeiadwa) Buisn paje|nojes si eluowwe paziuolun,,,,

q/Bw Qg JO SsaupJey Uo paseq,,.,

] Lz 0-82)EL eci(zo'0-0'04)25°0)  1/Bw €0 (leyoy)uouy
0 L(z-8)S vel(l>-61)g] /P 0Cxxx (leyoy)addod
0 £(100°0>-200°0)1L 000> £21(100°0>-200°0)200°0> 1/Bw S0’ (lejo1))1eqo
0 Le0>2)1'L geil(g0>-0¢)1>] /b 0S (leyopwniwolyd
0 £(20°0>-80"0)90°0 gel(yo>-zy)L>] /6 LCuxx (Jeyoywniwped
0 £(100°0>-100"0>)1L00°0> G21(100°0>-¥0°0)0L0°0>] 1/Bw oL0 (leyopwinijlieg
0 L(1°0-92°0)2°0 gel(v00-ge)lco| /Bw 050 (Jejoy)uoiog
0 £(90°0-0L°0)1L°0 GeL(1'0>-€0)1°0>] 1/bw 0l (lejoywnueg
0 £(100°0>-820°0) 10’ 9¢1(100-820°0)€00°0] 1/Pw S0°0 (1ej03) olussly
1S L(9%2-€69) 1SS 162(G%-0001)9zz| 1/Bw 0S¥y 8jejing
98 L(68-6.€)0L€ 682(v1-0.v)0zL| 1/Bw ool wnipos
] L(S0°0-%'1)18°0 0€€(z00-6'1)81°0] 1/Bw 010 (d [eyoy)snioydsoyd
0 £(90°0>-¥5"0)S0°0 £62(10°0>%'1)%00] 1/Pw 0l paAjossIp(N Se)*ON + ‘ON
0 L(81°0-¥€°0)€°0 162(1°0>-8 1)z 0| 1/Bw Sl 8pLon|4
0 L(S2-18)09 162(v-0z2)Ly| /Bw ool 8pLIoIyo
0 VAN 29(100°0>-950°0)200°0] 1/Bw - (EHN se pazjuol-un) eluowwy

siajaweled ojuebiou)
0 Van 961(1>-00€8)0E| IW 00L/# |w 00L/00C wiol|o) |edd4

siajoweled |eoibojolg

so|dwesg(uiw-xew)ueipajy so|dwesg(uiw-xew)ueipajy JAILD3rgo
JONVAIIOXI% V1vd TVNNNY V.1vd JOldOl1SIH SLINN | ALITYND "3LYM SHILINVHVC ALITVND 3LV

SOSN AOOMUYTHS 00071150 NOILVLS
900¢ AAVANNOI NVMIHOLVMSVS/VLOMVA HLYON — d3AIL SIHNOS
AYVININNS STAILDTMr90 ALITVND ¥3LVM TVNNNV

53



psie|ndjed 0N ‘ON

S|ge|leAy ejed ON VAN

7/Bw QO JO SsaupJey B Uo paseq .,

VAN VAN VaN| [ensia aseal9 pue [I0
VAN VAN VaN| [ensia sonaysay
S L7e-gri)E9 v6£(0°0-¥'61)08] 1/Bw 0°G< ("ouod) usbAxQ panjossiq
sjun
8¢ Ly'L-1'8)y'8 L01(6'9-1°6)1°8| plepuels G'9-G'8 (sbuel) Hd
jusique JaA0 %0} Jo
VAN VAN VaN| /Bw | /6w o} o sessa| By} spilog papuadsng [ejo
L. 2(292-¥0L1)8.S1 86¢e(0£1-0vS2)ovL| 1/Pw 000} SpI|oS paAjossIq [ejoL
snoaue||99SIAl
0 Lz-€L)L 121(2>-029)y| /6 0€ (leyoy)ourz
0 2(100°0>-1.00"0>)1.00°0> 621(100°0>-€00°0)100°0>| 1/Pw G000 (EINLINEES
0 L(¢-8)9 621(1-21)y| 1/6A 0C%:xx (GIEENEIY
0 2(200°0-500°0)%00°0 621(100°0>-670°0)200°0| 1/Pw 100 (Iesoy)winuapqAjony
VAN VAN van| 6/ ysal} yst ur 6/6n G0 JSORIENY
0 Ly -87L)L vzL(1>-2)z’of /61 € banx (Ieyoppes
so|dwes#(ulw-Xew)uelpajy sa|dwes#(ulw-xew)uelpspy 3AILO3Arg0 ¥31INVHVd
JONVAIIOXI% V1Va TYNNNY V.1va OI4OLSIH S1INN ALITYNO ¥ILYM ALITVNO ¥ILYM

SOSN AOOMUYTHS 00071150 NOILVLS
9002 AAVANNOI NVMIHIOLVMSVS/VLOMVA HLYON — ¥3AI SIHNOS
AYVININNS STAILDIMr90 ALITVND ¥3LVM TVNNNV

54



d|qe|ieAy ejeq ON VAN

VAN VAN 92(10°0>-%2'0)20°0] 1/Br oy a-v'e
VAN VaN 01(200°0>-%80°0)200°0>] 1/b" oL'o ulfednjjlil
VAN VAN 01(100°0>-6£0°0)100°0>] 1/B" 1G°0 djejleu
VAN VAN 6c(1°0>-€0)1°0> 1/6r 1000 (1e303) |Auaydiq pajeuliolyohiod
0 2(91>-91>)91> egl(1>-61)1) 1/bd 0l (leyoy)sjouayd
VAN VAN ¢(100>)10°05] 7/Bd G0'0 weliopld
VAN VAN ot(10°0>)10°0>] /61 00 uolyjeled
VAN VAN van| 1/6d 0c'0 VdOW
VAN VAN 0#(10°0>-G1°0)10°0>] 1/P" 8€00°0 JojyoeydaH
VAN VAN van| 1/6d 1IN3INJOTIAZA NI IAyyaw-dojoloi1q
VAN VAN ¢(100>)10°05] 7/Br 1IN3INJOTIAZA NI equieaig
VAN VAN 0r(L0°0>-€0°0)L0°0>]  1/Br 61000 uupalq
VAN VAN 0#(10°0>-20°0)10°0> 1/P" 1000 1dada
VAN VAN 0#(01°0>-0L°0)0L 0> 1/Pr €000 aueplojyy
VAN VAN 01(€00°0>)€00°0>] 71/Br 06 IAteqied
VAN VAN van| 7/6d G lluAxowoug
VAN VAN Z1(100°0>-€0°0)500>5] /6 14 suizelly|
siajoweled ojuebiQ|
so|dwesg(uiw
-Xew)uelpajy so|dwes#(ulw-xew)uelpajy 3AILO3Irdo d313NVvHvd
3JONVA3I3IOXI% V1vad TVNNNY V1va Ol4dO.1SIH SLINN ALITYNO Y3LVM ALITYNO Y3LVM

SOSN AOOMUYTHS 00071150 NOILVLS
900¢ AAVANNOI NVMIHOLVMSVS/VLOMVA HLYON — ¥3AIL SIHNOS
AYVININNS STAILDIMr90 ALITVND ¥3LVM TVNNNV

55



S|ge|leAy ejed ON VAN

Hd pue ainjeiadwa) Buisn paje|nojes si eluowwe paziuolun,,,,

q/Bw Qg JO SsaupJey Uo paseq,,.,

00l LL(L2€°0-¥9'2)9€8°0 882(200°0-¥9'2)20°0 ow €0 (Iesopuoy|
0 LU(SZ'T- LY 1)e8T 092(9°0-8€)Z L O0€xns (lejo3)ueddod
0 1 1L(9€¥000°0-G61.00°0)66.,000°0 | Z2£2(2000°0-600°0)100°0> VbW 50 (Ieo1)eqod
0 L1(£€°0-2'2)28.°0 ZLL(GL00>-22) 1> VB 0S (leyop)wniwoiyd
0 11(920°0-180°0) L ¥0"0 292(600°0-G) 1> /BT Leuns (IEjowniwiped
0 11(10000°0-880000°0)££0000°0 -mww%wmmooooo%ov Vb 010 (Iyop)winyiAiog
0 11(€220°0-6.2°0)261°0 12€(200°0>-80'2)SEZ°0 VbW 05°0 (leyoy)uoiog
0 LL(6870°0-222°0)SLL0 622(#0°0>-L£°0)1°0 VB 0l (E1on)wnieg
0 L (69200°0-5020°0)5500°0 | +26(5000'0-1820°0)E66000 | VO 500 (fe101) oluesiy

Sy LL(9EL-685) L1E 552(8'-0221)081 /Bul 05y Sieing
16 LL(9°Sh-£62)79L SGL(r9-Ev)LLL Vou 00} wnipos

00} LL(EL 051G 0)EED 6€1L(160°0-28°L)SLE0 VB 040 0661 Woy (d [eronsnioydsoyd
6 (L0051 L' 1) 2200 251(10°05L L 1) L00> /6w G 0661 WO} PAAOSSIP(N SEFON + “ON
0 LL(EL'0-€0)6L°0 855(10°0>-86°0)1.2°0 /oW st apuon|J
0 LL(9°€L-229)1°28 806(Z"1-9€1)5€° /2 /Bul 0ot OPUOIUD
0 2(0°0-521°0)500°0 85 1(0-6£4°0)£00°0 /6w . (SHN Se paziuol-un) ejuowwy

siojowe.led oiuebiou)
zgl L1(01>-628)SZ 026(25-00£2)01> W00} /# W 001/00Z WIoHI0D) [€95]
siajoweled |eaibojoig
so|dwes#(uliw-xew)ueipsiy so|dwes#(uiw-xew)ueipsiy JALLD3rgo
30NVAIIOXA% V1va TYNNNY V1Va DIMOLSIH SLINN | ALITYNO ¥3LVM | SHILINVHVL ALIVNO HILYM

ddOHLS3IAM 1L000dNSO0SN00

(L€ 92@ -1 uer) 9002 A¥MVANNOE VEOLINVIN/VLOMVA HLYON — ¥3AIN SINNOS
AYVININNS STAILD3rd0 ALITVND H3LVM TVNNNY

56



S|ge|leAy ejed ON VAN

7/Bw QO JO SseupJey e uo paseq .,

VAN VAN VAN| Iensia aseal9 pue |I0
ensiA SJllaylsa
VAN VAN VaN| | yissy
7/6w 0°G< ("ou092) uebAXQ pan|ossIq
G'/¢ 8(65°¥-69°11)22'S Lev(0-9°12)€'8
sjun
piepuels G'9-G'8 (ebuel) Hd
G'/¢ 8(52°2-58°6)591'8 1Z¥(8°9-58°'6)¢'8
jusique JaA0 %0} Jo
7/6w 7/6w Q| jo Jassa| ay) spljog pepuadsng |ejo|
00l LL(8 YL-20L)Y e 2£5(1>-00€)91 5
7/6w 0001} SPI|0S PaA|0ssIq 810
GY LL(2Y6°S8E-¥ZL 6Y1L)EL LE8 622(6Z1-751°€00£)9¢€.
snoaue||99SI|Al
7/61 [e10))oUI7
0 LL(S0Z-20L)v6'E ¥52(5°0-2e)v5°C \m o¢ (IE101)
/6w S00° |ejo})wnius|d
0 11(22000°0-19000°0)2£000°0 61£(50000°0-200°0)2£000°0 / - 000 (ie30) s
7/6n [E01)[9XOIN
0 LLEL'EEL'8)6 Y 192(9°1-GL)GL°E \m Oce (ie30)
/6w 100 (leyon)winuapgAjon
0 11(8100°0-8¥600°0)6£200°0 011(9000°0-110°0)S9£200°0 - -
VanN n yso|} ysij ul ng Aindiap
VAN 651(L0°0>-11°0)20°0> \m HUsy B 0
/61 € laxs (lejoy)pean
0 11(182°0-29'1)505°0 192(860°0-2'9)S"|
se|dwes#(uiw-xew)ueipsiy se|dwes#(uiw-xew)uelps|y JAILO3Ar90 HILINVHVd
JONVAIIOXI% V1vad IVNNNY V1Vva OI40LSIH SLINN ALIIVNO ¥3LYM ALIIVNO ¥3LYM

ddOHLS3IAM 1L000dNSO0SN00
(1€ 92@-1 uer) 9002 AMVANNOL VEOLINVIN/VLOMVA HLYON — ¥IAIY SINNOS

AYVININNS STAILD3rd0 ALITVND H3LVM TVNNNV

57



S|ge|leAy ejed ON VAN

0 W(1220°0-€€1°0)58720°0]  ¥S2(£#000°0>-28G°0)€0°05] VPN 0y a-v'g
#(51600°0> 6l : uljeJniu
0 -61500°0>)G1.500°0> LLL(P700°0-10°0)500°0>] 010 HednyLL
¥(¥1¥00°0> 6r . ST
0 -1 $00°0>)¥ L ¥00°0> L01(£100°0-220°0L0°0>] L5°0 JElleL L
VaN van| s1(e£000>-2010°0>)z0L0°05] VPN 1000 (iejo1) 1Ausydiq pajeutiolyohiod
VaN VaN L51.0>ze)oy] VBT 0’} (lejop)sjouayd)
#(99000°0> 61l . welolol
0 -99000°0>)99000°0>|  68L(€£000°0>-2°0>)5005|  V §0°0 Pld
VAN van| 6z(5510'0>-880°05)55L0105] VO v0'0 uolpeed)
0 »(85000°0>-} 1 1'0)85000°0> 052(85000°0>-2°0)z'05]  VP" 020 vdOW|
1(g€000°0> 6l : Jojyoeyda
0 -6£000°0>)G£000°0>| L¥2(¥1000°0>-7000)L00°0>|  V 8€00°0 IUoEIdeH
VAN W(€Zh00>-6270°0>)E2H0'05]  £0L(FE00'0>-G0'0>)50°05]  VON INIWdOTIAIA NI IAuiaul-dojopiq
VAN 1(£2000°0-v120'0)5/8500°0] SZL(EL000°0>-150°0)€0°0>] VO IN3INHOTIAIA NI equeolq)
1(99000 0> .
0 -99000°0>)99000°05|  €£+2(81000°0-200°0)200°05| VO™ 61000 uipeld
1(GE000 0> 6l . -d'ol
0 -G£000°0>)G£000°0> 902(+0000°0>-v>)1> +00°0 laa
1(61.000°0> UEOIOA D
0 -61.000°0>)61.000°0>| $02(¥0000°0>-200°0>)200°0>| /6N €700°0 PIOIUD
1(££000°0> )
0 -/£000°0>)2£000°05| +02(#1000°0>-€00°0)€00°05| VO™ €v00°0 BUEPIOYD-§)
VaN VaN vanl e 06 Rieqies)
0 (66000°0>-70L0'0)22£00°0]  88(66000°0>-202°0)€0°0>| Vo1 § luAxouoig
0 #(92500°0>-5020°0)80600°0 G11(€000>-42)5005] VPN 4 oulzeny
siajaweled oaluebiQ|
so|dwesg(uiw-xew)ueipaly | sajdwesy(uiw-xew)uelpay JAILD3rgo
3IONVAIIOXI% V.LVa TVANNY V1Va DIYOLSIH SLINN ALITVNO ¥ILVM HILINVEVC ALITVNO YILYM

ddOHLS3IAM 1L000dNSO0SN0O0

(1€ 92@-1 uer) 9002 AMVANNOL VEOLINVIN/VLOMVA HLYON — ¥IAIY SIMNOS
AYVININNS STAILD3rd0 ALITVND H3LVM TVNNNV

58





